Abstract. As maintenance resources have periodicity, namely, rest must be after certain working time, maintenance task usually is pressing, which must be going on without interruption, how to give out maintenance task scheduling plan and rest time of maintenance resources at same time is a problems deserving discussion. This paper introduces maintenance task scheduling model considering rest time and puts forward a solving algorithm based on PSO. Firstly, it expounds the model assumption, and establishes a hybrid integer-programming model. Secondly, it puts forward a solving algorithm based PSO, and it includes algorithm framework, particle representation, resources-skills allocation algorithm, particle decoding algorithm, update methods and. Thirdly, it provides an example to verify the validity and feasibility of the model and resolving algorithm.
Introduction
Equipment are the material foundation for executing actions of whole organization, and equipment maintenance activities are the important part of operation, and the quality of maintenance activities directly affects success of actions. The problem of maintenance task scheduling is one important decision-making problem that determines maintenance efficiency of equipment support activities, and its main purpose is get the answer of beginning time, required maintenance resource of maintenance tasks. When equipment are repaired, maintenance resources usually are periodic, for example, maintenance personnel(maintenance equipment) has to rest for a period of time after working certain time, but in currently maintenance task research , still no consideration of periodicity for maintenance resources. The maintenance task scheduling concept does not include rest time of maintenance resources. This paper will establish maintenance task scheduling optimizing model considering rest time and design its solving algorithm.
The remainder of this paper is organized as follows. In section 2, model is formulated. Section 4, a model solving algorithm based on PSO is described. Section 5, a example is provided.
Mathematical model
Maintenance task scheduling optimizing model considering rest can be described as following. (l) Structure of whole maintenance task can be represented by Activity On Node G=(J, Q), where J denotes set of maintenance task, Q denotes relation between maintenance tasks. |J| represents number of maintenance tasks in maintenance task set. There may be temporal constraining between maintenance tasks because of request for technique etc, P j represents predecessor tasks set of task j; task 1 is only earliest starting task, task |J| is only latest finishing task, and they are dummy task that need no resource and no time, and they can be called source and sink respectively. Number of non-dummy task is |J|-2. Duration of maintenance task j is d j .
(2) C denotes capability set related with maintenance task performance, |C| represents number of capability in capability set C. As for every maintenance task in maintenance tasks, their requirement to capability are different, namely, maintenance task j need a set of capability C j , C j ∈C. Relation between maintenance task and capability can be represented by Job capability Matrix M J , M (3) Let R denote maintenance resource set, |R| represents number of maintenance resources in resource set. In this paper, maintenance resources belong to flexible resources, which have flexibility. The flexible resources means to be applied to more than one different situations of updating resources. Flexible is the attribute that the resources has various skills, which can be represented ,and defined (4) Except for flexibility, maintenance resources also have usage periodicity. Personnel must take a rest τ hour after each λ hour. l is index of time periods (l∈L={1,…,|L|}) ), |L| is number of time periods within scheduling time range. |L|=ceil(T |J| /λ)，T |J| is deadline of whole maintenance task in hours. The ceil() is a function that is to round toward positive infinity, for example ceil(2.2)=3.
(5)We further make the following assumptions: A 1 )No preemption is allowed, i.e., maintenance task cannot be interrupted once it starts; A 2 ) the set of capability C j have to be present simultaneously for maintenance task j to progress; A 3 ) A resource can perform at most one capability at any time point, i.e., each resource is treated as a unary resource. A 4 ) rest time of maintenance resources cannot be interrupted. A 5 ) the duration of maintenance task cannot be longer than the longest time of each time period.
(6) The solution of problem includes starting time and finishing time of maintenance task and rest, as well as resource-capability assignment project. 
Objective (1) is to minimize span of maintenance task. Constraint set (2) assigns exactly resource quantity to maintenance task according to each capability requirement of maintenance task. According to assumption A 2 , A 3 , it prevents maintenance personnel using different capability to undertake the same maintenance task. Constraint set (3) limits each maintenance personnel at most use one kind of capability in each maintenance task. Constraint set (4) denotes that if maintenance task j precedes maintenance task j', then maintenance task j is finished before starting of task j'. Constraint set (5) and (6) Y respectively. Constraint set (10) and (11) restrict sequence of maintenance task and rest time. Constraint set (12), according to assumption A5, limits duration of maintenance task cannot exceed longest duration of each time segment. Constraint set (13) and (14) are constraint for variable.
Model solving algorithm based on PSO
Intelligence Algorithm is effective method for solving NP-hard problem. Particle swarm optimization has already been applied to solving of classic RCPSP, and obtains good effect [1] [2] . So, the next part will put forward one kind of solving algorithm based on particle swarm optimization.
Algorithm framework
Particle swarm optimization framework is following:
(1) Generate initial particle swarm. Assess particle of initial particle swarm, and get fitness value of each particle xi, personal best pi of individual and global best pg of all;
(2) Iteration number plus 1 and update particles according to update equation; (3) Reassess particle swarm to get fitness value of each particle xi, personal best pi of individual and global best pg of all; (4) Determine whether algorithm meet the terminating requirement, if it is true, then turn to step (5), else turn to step (2); (5) Generate project (maintenance task) scheduling plan (including starting time of maintenance task, rest starting time of maintenance personnel in each time period, resource-capability assignment concept) with known global best solution, and the algorithm ends.
Particle presentation and initialization Algorithm adopts particle presentation method based on task sequence. The task sequence presented by particle corresponds to a precedence feasible task sequence. The task position in the sequence presents task scheduling priority order. Particle dimension is the total amount of task, namely D=|J|, and particle fitness value corresponds to maintenance task duration. such that
,N，N denotes size of particle swarm); position of task in task sequence represents its priority order, i.e. priority order of task x i,j is j; and fitness value of particle is span of project, i.e., f(x i )=T |J|. Figure 1 is AON of scheduling project example, task 1 being virtual starting task, task 13 being virtual finishing task, one feasible particle of project is x 1 =(1, 2, 3, 4, 10, 8, 5, 6, 11, 7, 9, 12, 13).
Priority rule based flexible resource-capability assignment algorithm. 
Particle decoding method
In this algorithm, a particle represents a feasible solution. The algorithm adopts modified parallel schedule generation scheme to converts particle into feasible concept. Next, it introduces the modified parallel schedule generation scheme, which includes flexible resource-capability assignment algorithm. It can also arrange rest time of maintenance resource while provide maintenance task scheduling concept [3] . The modified parallel schedule generation scheme at best consists of |J| stages, stage n corresponds to a scheduled time t n , a finished task set E n , a active task set B n and a decision task set D n . Finished task set E n denotes set that consists of finished task until t n , namely E n ={j| T' j ≤t n }. Active task set B n denotes set that consists of ongoing task at time of t n , namely B n ＝{j|T j ≤t n <T' j }. Decision task set D n denotes set that consists of the unsorted task which satisfies temporal sequence constraint at time of t n , namely D n ={j|jE n ∪B n , P j  E n }. Let flexible resources-capability assignment algorithm be represented as function:
. The algorithm can be simply described as follows. Input: particle x i , task-capability matrix M J and resource-capability matrix M R , λ, τ. Output: Scheduling project including task starting time T j , finishing time T' j and resource concept X j (∀jJ), rest starting time of maintenance resource r in time period l, T rl （∀rR, ∀lL）.
(1)Initialization: n=1, k=1, t 1 =0, E n =B n ={1}, D n =Φ, A(unit vector whose element number is |R|),
(2)If k>|J|, then algorithm is over, else continue. (3)n=n+1, determine next stage scheduling time t n =min{min{T' j |j∈B n-1 }, l· λ}; finished task j={j|T' j =t n }, update E n =E n ∪{j}, B n =B n \{j}, D n ={j| j  E n ,P j ∈E n ,∀jJ}, status vector of resources A=A+Z j , free starting time of resource r, , c∈C) , turn to step (2) . Else determine starting time T j and finishing time T' j of task j, T j =t n , T' j =t n +d j . Update B n ←B n ∪{j}, D n =D n \{j}, A=A-Z j , k=k+1. Repeat this step.
We can see from above algorithm that rest time of maintenance resources are assigned before current time, when its free time length be no less than τ, it is assigned, i.e. whenever there is a chance, then rest time is assigned. While arranging maintenance resources to undertake maintenance task, it does not consider maintenance resources which may not rest in this period if it undertake task. When each period ends, assign rest to those resources that have not rested. This algorithm takes maintenance task as center, arranges rest time at idle time of maintenance resource as possible, and rest time must be ensured.
Particle Update Methods The particle update equation of algorithm is following as: 
Calculating example
Next, we will consider a example of maintenance task scheduling. This maintenance task consists of 13 maintenance tasks, is completed by 12 maintenance personnel, maintenance resources rest at least 8 hours working per 24 hours. Table 1 shows the resource-capability matrix of maintenance personnel. Table Ⅱ shows maintenance task information that includes duration in hours, resource requirement, and temporal relation, where the first task and the last task are virtual starting and finishing task respectively. It uses particle swarm optimization put forward in the text to get solution. Least suitable priority rule is used in resource-capability assignment algorithm. Size of particle swarm is 20, iteration limit is 80, w=0.75, c' 1 =0.25, c' 2 =0.75. After calculation, get the optimized maintenance task sequence (1, 3, 4, 2, 5, 6, 8, 7, 9, 10, 11, 12). Gantt chart of maintenance task scheduling project is shown in figure 3 , horizontal coordinate denotes time, and vertical coordinate denotes personnel. Blue rectangle in chart denotes maintenance task, the vertical coordinate of rectangle position corresponds to assigned personnel, three numbers in rectangle divided by "-" denote maintenance task number, personnel number, capability number respectively. Green rectangle in chart denotes rest time, four numbers in rectangle divided by "-" denote maintenance time segment number, personnel number, rest starting time, rest finishing time respectively. 
Summary
This paper establishes a kind of maintenance task scheduling model considering rest time, puts forward its solving algorithm, and provides calculating instance to verify the validity and feasibility personnel time of the model and resolving algorithm. This model can help decision maker to provide maintenance task scheduling concept and maintenance resource rest concept. For the future, we can further research solving algorithm of model, design a decoding algorithm based on serial schedule generation scheme to enhance solving efficiency of model. In addition, we can also research maintenance task scheduling model considering splitting rest time, and restriction of the longest work time, personnel's preference and rest place restriction.
